INTRODUCTION
============

Renal cell carcinoma (RCC) is the most common primary tumor of the kidney and often remains clinically indolent, with most lesions picked up incidentally through radioimaging. The classic triad of hematuria, flank pain, and a palpable mass occurs in 20% of patients with RCC, whereas up to 40% may initially present with a paraneoplastic syndrome \[[@B1]\]. These systemic manifestations arise from the production of humoral substances by the tumor itself or by remote tissues in the rest of the body via immune-modulation \[[@B2]\]. Common paraneoplastic syndromes \[[@B3]\] associated with RCC can be divided broadly into endocrine and nonendocrine in nature. The most common manifestation of endocrine effects is that of hypercalcemia, whereas polycythemia, hypertension, Cushing syndrome, and galactorrhea are other effects secondary to the autonomic production of hormones. Nonendocrine effects are rarer and include amyloidosis, neuromyopathy, vasculopathy, and glomerulopathy.

It is uncommon for new-onset cardiac symptoms to be the herald of an underlying RCC, and to our knowledge only one prior case report exists regarding the paraneoplastic effect of RCC on the heart \[[@B4]\]. Patients with RCC may have concomitant heart failure, but this is usually a comorbidity that has been present for years.

CASE REPORT
===========

The patient was a 48-year-old Chinese woman with a history of thalassemia minor but otherwise well. She first presented to the hospital for a routine health screening at which she had complained of a persistent cough for a few months and reported a reduction in exercise tolerance during this period. On the physical examination, she was found to have a pansystolic murmur radiating to the axilla. An electrocardiogram (ECG) revealed left ventricular hypertrophy with atrial enlargement. Chest x-ray confirmed an increased cardiothoracic ratio, left atrial enlargement, and blunting of the left costophrenic angle. In view of findings suggestive of heart failure, the patient was referred to a cardiologist for further management.

On further questioning, the patient reported that she had experienced a loss of appetite and loss of weight over the preceding 2 months and was having occasional left-sided abdominal discomfort. In addition to the systolic murmur, the cardiologist found an abdominal mass measuring 10 cm in the left hypochondrium, which he could not get above cranially and which descended with respiration. With an initial working diagnosis of possible infective endocarditis with splenomegaly, a transthoracic echocardiogram and an ultrasound of the abdomen were obtained.

The transthoracic echocardiogram showed a lef t ventricular ejection fraction (LVEF) of 34%. There was moderate global left ventricular hyperkinesia, mild concentric left ventricular hypertrophy, and a severely dilated left atrium ([Fig. 1](#F1){ref-type="fig"}). No valvular vegetations were seen. The results of an ECG and measurement of cardiac enzyme markers were also unremarkable. A computed tomography (CT) coronary angiogram was ordered for further evaluation, revealing normal coronary arteries and an Agatston calcium score of 0.

The abdominal ultrasound done after the echocardiogram revealed a large left kidney measuring 14 cm with a large heterogeneous solid mass-like component predominantly in the mid and upper pole with adjacent increased vascularity, suspicious for a renal malignancy. The patient was referred to our urology department for further management. We performed a CT intravenous pyelogram ([Figs. 2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}), which clearly illustrated a large left renal mass measuring 14 cm×13 cm×11 cm and arising from the mid/lower pole with involvement of the renal pelvis, ureter, and left adrenal gland. The staging scans showed no evidence of metastasis. The patient was offered an open left radical nephrectomy.

Intraoperatively, a locally advanced left renal tumor was noted, with involvement of the mesentery of the descending colon. A decision was made to perform *en bloc* left hemi colectomy along with radical nephrectomy.

Postoperatively, the patient recovered well without any complications. On postoperative day 8, we repeated a transthoracic echocardiogram. Heart function had dramatically improved, with an increased LVEF of 45% to 50%, whereas the global left hyperkinesia was noted to have resolved. The patient was eventually discharged on postoperative day 8.

Final histology revealed a clear cell RCC with predominant sarcomatoid features, involving at least 90% of the lesion. The tumor measured 14 cm and was noted to have invaded into the perinephric tissues, beyond Gerota\'s fascia, and into the adrenal gland. The tumor was of Fuhrman\'s nuclear grade 4 and vascular invasion was seen but the resection margins were free of tumor. A regional lymph node was negative for metastasis, whereas 1 of 3 nodules invading into the descending colon was positive for disease.

DISCUSSION
==========

1. Causes of heart failure
--------------------------

Heart failure results from either systolic or diastolic dysfunction. It can be secondary to many causes-either structural or functional-and can be broadly classified into ischemic and nonischemic causes. Ischemic cardiomyopathy was ruled out in our patient after a CT coronary angiogram was performed, which revealed normal coronary arteries.

Nonischemic heart failure is usually idiopathic in nature, but this is a diagnosis of exclusion after other causes have been ruled out \[[@B5]\]. Structural etiologies include cardiomyopathy secondary to viral myocarditis, alcohol and substance abuse, chemotherapy agents, and infiltrative diseases. Hypertensive heart disease and valvular dysfunction secondary to connective tissue disorders are other possible causes.

Functional causes of heart failure are usually \'high output\' in nature, characterized by an elevated cardiac index. However, most of these causes are rarely the sole cause of heart failure and are merely triggers to an underlying pathology \[[@B6]\]. Causes include anemia, vitamin deficiencies such as beriberi or thiamine deficiency, hyperthyroidism, renal disease, and systemic arteriovenous fistulas or malformations.

Our patient had anemia with a baseline hemoglobin concentration of about 9 to 10 g/dL. However, this alone is unlikely to cause significant heart failure as demonstrated by Brannon et al. \[[@B7]\], who showed that patients develop heart failure only in severe cases of anemia with hemoglobin levels of less than 5 g/dL. Even though our patient had a large left-sided RCC, her right kidney was functioning normally and her creatinine clearance test was normal, hence ruling out renal impairment as a cause of heart failure.

Yet another cause of functional heart failure is that of stress-induced cardiomyopathy, also known as Takotsubo cardiomyopathy or broken heart syndrome \[[@B8]\]. Various studies have reported the incidence of cardiomyopathy triggered by intense emotional stress following an acute event in a person\'s life such as that of a catastrophic medical diagnosis \[[@B9]\]. This phenomenon is more commonly seen in postmenopausal women, presenting with symptoms mimicking that of an acute myocardial infarction, coupled with ECG abnormalities and elevated cardiac enzymes. Most patients typically recover within a month, with reversal in biochemical and perfusion abnormalities \[[@B10]\]. It is possible that our patient had developed Takotsubo cardiomyopathy; however, apart from the depressed LVEF shown on the echocardiogram, she did not have any abnormalities in her ECG or cardiac markers. Furthermore, the temporal sequence of events was such that the RCC was picked up incidentally on the ultrasound that was performed after her echocardiogram, and she had no prior knowledge that she may have an underlying malignancy.

2. Renal cell carcinoma
-----------------------

Although all of the above-stated causes are possible etiologies of heart failure in the present case, it is not inconceivable that RCC played a direct causative role via paraneoplastic systemic effects. Vieira et al. \[[@B4]\] reported a case of stress cardiomyopathy in which an elderly woman presented with acute chest pain but a coronary angiogram did not reveal any abnormalities. Subsequently, a magnetic resonance scan of the heart picked up an occult right renal tumor. The authors postulated that the RCC had triggered transient catecholamine-mediated myocardial apical stunning, resulting in symptoms mimicking that of an acute coronary event.

A feature of paraneoplastic syndromes lies in the resolution of symptoms or biochemical abnormalities af ter treatment of the primary malignancy. In our patient, resection of the tumor resulted in a significant improvement in the extent of her cardiomyopathy, proving that acute heart failure was secondary to systemic effects of the tumor on the heart, resulting in a form of stress cardiomyopathy. However, much research has to be done to support this hypothesis, because no known hormones or chemical mediators have been implicated in the causation of heart failure, apart from catecholamines, which may cause an increase in sympathetic drive on the heart.

Looking at things from another perspective, a patient with a resectable renal tumor should not be deprived of a chance to undergo surgery, just because his or her \'ejection fraction is too low\' to undergo general anaesthesia. Surgery may in fact be the only chance to provide a cure for such patients.
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